
Geographic Analysis of Childhood Lead Exposure in
New York State

Thomas O Talbot, MSPH,* Steven P Forand, MA, Valerie B Haley, MS
Geographic Research and Analysis Section, Bureau of Environmental and Occupational
Epidemiology, New York State Department of Health, Troy, NY

Abstract

This study examines the geographic variation in the blood lead levels
(BLLs) of New York State children using spatial filtering, contour mapping,
and regression techniques. Data for 364,917 children tested for BLLs prior to
age two were extracted from New York State’s electronic blood lead reporting
system. Spatial filtering methods were used to determine which areas of the
state had the highest prevalence of children with elevated BLLs (BLLs >10
µg/dL). The method used a variable filter size to allow for the simultaneous
evaluation of urban and rural areas of the state. The results showed that sev-
eral upstate urban areas had the highest proportion of children with elevated
BLLs. Screening rates were also found to be higher in areas with a high pro-
portion of children with elevated BLLs, indicating that areas with a high risk
of lead exposure were well screened. Multiple regression analysis, using areas
made up of merged zip code regions as the units of observation, was con-
ducted to describe the relationship between the prevalence of children with el-
evated BLLs and community characteristics. High prevalence of elevated BLLs
was predicted in areas with older housing stock, a smaller proportion of high
school graduates, and a larger proportion of black births. Separate models
were developed for New York City and the rest of the state, since the effect of
the variables was lower in New York City.

Keywords: lead poisoning, disease surveillance, socioeconomic status,
New York State, children

Introduction
Lead poisoning is considered to be one of the most prevalent and preventable child-
hood health problems in New York State (1). Blood lead levels (BLLs) as low as 10 mi-
crograms per deciliter (µg/dL) are associated with adverse effects on learning,
behavior, and growth. Higher BLLs can lead to anemia, severe central nervous system
damage, and even death (2). Young children are at a heightened risk for elevated BLLs
because lead intake as a proportion of body mass and metabolic uptake rates are higher
in children than in adults. In addition, the central nervous systems of children are more
vulnerable during early childhood development (3). Normal mouthing activity may
also result in the ingestion of contaminated dust and soil.

A major source of lead exposure for children is lead-based paint in older houses.
Indoor house dust may be lead-contaminated when the paint is chipped, peeling, de-
teriorating, or spread during renovation. Children in New York State are at particular
risk because the state has the largest proportion (47%) and largest number of housing
units built before 1950 (3.4 million units) of any state. Other sources of lead exposure
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include lead in soil and dust from external paint, industrial emissions, and gasoline;
lead in water pipes with lead solder; and lead brought into the home from occupational
exposures, hobbies, and ceramic ware.

The prevalence of children with elevated BLLs is not evenly distributed across New
York State. Locating areas with a high prevalence of children with elevated BLLs is im-
portant for identifying possible exposures in those areas. Two methods were used to ex-
amine the geographic variation in the prevalence of elevated BLLs across New York.
One method used spatial filtering techniques to identify and display these areas. The
other method involved using multiple regression techniques to identify community
characteristics associated with areas with high prevalence of elevated lead values.

Displaying rates of disease over a large geographic area has always been problem-
atic. State health departments traditionally display health outcome rates at the county
level. These maps may not be very informative; it is difficult to identify high-incidence
areas, which may either be localized within part of a county or cross county boundaries.
Mapping health outcome data at smaller geographic levels, such as census tract or zip
code, often produces rates of disease that vary widely due to chance alone, especially
when the health outcome under analysis is rare. In addition, data regarding the under-
lying population size are often obscured when displayed in this manner.

Population density varies widely across the state. As expected, the distribution of
health outcomes follows the population distribution. It therefore becomes necessary to
take into account varying population densities when displaying the data on a statewide
basis. To accomplish this we used spatial filtering techniques that control the size of the
population for which disease rates are estimated. Stabilized rates were then obtained
and displayed as a continuous distribution across the state. The geographic patterns in
BLLs and blood lead screening were mapped. These maps are useful for identifying
areas with high prevalence of exposed children and areas where blood lead screening
rates are low. 

We also developed a regression model to predict prevalence of elevated BLLs
in areas for which insufficient screening data exist. Regression analyses can also iden-
tify areas with higher rates of elevated BLLs than we would expect from our model.
These areas can be examined more carefully to better characterize the factors that con-
tribute to lead exposure in communities. 

Elevated childhood BLLs have been associated with housing and sociodemo-
graphic characteristics including older housing stock, a higher proportion of children
living below the poverty level, and a lower proportion of high school graduates (4–8).
They have also been associated with a higher proportion of households headed by a fe-
male, a higher percentage of minority births, and higher population density. Studies
have also shown that children’s lead levels tend to be higher in the summer months
(9–11). Multiple regression techniques were used to examine the relationship between
housing and sociodemographic characteristics and children’s BLLs across the state. The
results from the regression analysis were also examined geographically and compared
with the results from the spatial filtering methods.

The objectives of these analyses were to:

• Identify geographic areas of New York State with high prevalence of elevated
BLLs in children.

• Identify areas with low blood lead screening rates in children.
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• Develop a model describing the prevalence of high BLLs as a function of com-
munity characteristics using multiple regression analysis.

• Identify communities that could be targeted with additional educational, screen-
ing, and remediation programs.

Materials and Methods

Data
New York State requires universal screening for lead in children under the age of six.
The New York State Department of Health currently receives approximately 870,000
blood lead reports a year for both children and adults. Blood lead reports include the
name and address of the child, the name and telephone number of a parent or guardian,
the blood lead value, and the method by which the blood sample was obtained. A total
of 537,704 records for children who were born in 1994 and 1995, resided in New York
State, and were screened for blood lead at least once prior to age two were extracted
from the lead reporting system (12). This cohort represents 69.3% of the births in New
York State in 1994 and 1995.

For children who were screened more than once prior to age two, the highest BLL
measure taken by venipuncture was used because these samples are less susceptible to
environmental contamination than finger stick samples (13). Finger stick measures
were used if no venipuncture measures were available for the child. BLLs were catego-
rized into two groups: less than 10 µg/dL, and 10 µg/dL and above. This is the inter-
vention level recommended by the federal Centers for Disease Control and Prevention.
The data were then aggregated at the zip code level. In cases where the child had a
missing or invalid zip code, address-matching software (14) was used to assign the cor-
rect zip code. To obtain valid zip codes in cases where no street or town information
was available for the child, the parent or guardian’s phone number was matched to dig-
ital phone directories (15). Valid zip codes could not be obtained for 3.8% of the chil-
dren screened. The remaining dataset contained 364,917 children with blood lead tests,
which represented 66.7% of children under two years old born in 1994 and 1995. 

To obtain a denominator for screening rates, data on all births in New York State in
1994 and 1995 were obtained from the New York State Bureau of Vital Statistics (16).
The data were aggregated at the zip code level and the percent of children tested and
percent of black births were calculated. The dataset was then merged with housing and
demographic data from the 1990 Census (17) for use in the regression analysis.

Spatial Filtering Methods
In this analysis, it was not practical to map the lead prevalence of the birth cohorts at
the zip code level because many of the zip codes had few blood lead tests. Of the 1,601
zip codes, almost half had fewer than 50 children tested for blood lead. Spatial filtering
techniques were developed to overcome some of the difficulties in mapping the data by
small geographic area. These methods are a variation on the techniques described
by Openshaw et al. (18,19), Turnbull et al. (20), and Rushton and Lolonis (21). In the first
step, a layer of grid points 1 kilometer apart was created covering the entire state.
The zip code file containing the number of births, the total number of lead tests, and the
number of lead tests with results higher than 10 µg/dL was mapped, and the zip code
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centroids were overlaid on the grid point file. Because there are large fluctuations in
population density between the urban and rural portions of the state, a stable popula-
tion denominator was chosen on which to base the screening rates. In this case, rates
were based on a minimum of 200 children screened.

The following procedure was then carried out for each grid point. First, the nearest
zip code centroid to the grid point was located. The number of children screened for
lead and the number of children with elevated lead values were then tabulated. If the
number of children screened was less than 200, the next nearest zip code centroid was
located and the number of children screened and the number of children with high lead
values were added to the values from the previous zip code. This process was contin-
ued until the total number of children screened reached 200, at which point the percent
of children with elevated lead values was calculated for that grid point. This process
was then carried out on each grid point until all grid points in the state had been as-
signed prevalence rates. Because the grid points were spaced more closely together
than the zip code centroids, there was a significant overlap in the area sampled around
one grid point and that of its neighboring grid point. To ensure that all information was
used, a minimum radius of 0.75 times the spacing of the grid (in this case, 0.75×1.0
km=0.75 km), was used at each grid point. This radius was then extended, when re-
quired, to ensure that the minimum number of observations was captured at each grid
point.

Contour modeling software (22) in conjunction with desktop mapping software
(23) was used to create a contour model based on the percentage of children with ele-
vated lead values at each grid point calculated in the previous step. In this way, it was
possible to represent the data continuously as a moving average. 

The percentage of children screened for lead was analyzed using a similar method-
ology. The New York State vital statistics file provided the number of children born in
1994 and 1995 in each zip code. The percentage of children screened at each grid point
was calculated based on a minimum of 200 live births.

Regression Analysis Methods
Least squares regression was used to examine the relationship between children’s BLLs
and community characteristics. Housing variables examined were percent of houses
built before 1940, percent of houses built before 1950, and percent of houses vacant.
Socioeconomic variables examined were percent of adults age 25 and older who grad-
uated from high school, percent of children under 5 years living below the poverty
level, percent Hispanic, percent black births, percent of population that rents a home,
and population density. An additional variable, the percent of children in each zip code
who were tested in summer and fall (June to November), was also examined.

The percentage of children with elevated BLLs (i.e., >10 µg/dL) in each zip code,
rather than the mean or geometric mean of the BLLs, was chosen as the dependent vari-
able. This was necessary because labs report different detection limits of BLL and ex-
treme results may be due to child-specific traits, such as pica, that could not be
controlled for in this type of analysis. The dependent variable was log-transformed to
normalize the distribution.

Zip code areas were used as the level of analysis. The distribution of the prevalence
of high BLLs in the 1,601 zip codes was found to be bimodal due to a large number of
zip codes having no elevated BLLs. This occurred primarily in areas of low population.
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To adjust for this, zip codes with demographically similar adjacent neighbors were
manually merged to create zip code groups with a minimum number of children
screened. All zip codes with fewer than 100 children tested were merged; merging be-
yond this point provided greatly diminished returns in correlation. The estimates of the
rates of elevated BLLs improved and the zero values changed to small values as the
data were aggregated. The distribution of the BLLs also changed from a bimodal dis-
tribution to a normal distribution. The final number of zip code groups in the dataset
used in the regression analysis was 740.

The regression models were developed using SAS software (SAS Institute, Cary,
NC) (24). First, the shape and effect of the bivariate associations of each variable with
the dependent variable for New York State were examined. Because the effects of the
explanatory variables in New York City were muted compared with the effects in the
rest of the state, and no available variables explained this difference, two separate mod-
els were developed: one for New York City and one (called the Upstate model) for the
rest of the state. The maximum R2 improvement technique was used to find the “best”
one-variable model, two-variable model, etc. A parsimonious model was chosen in
which the addition of variables would not add significantly more information to the
model. The importance of interactions and curvilinearity were then investigated.
Diagnostic methods were used to detect influential observations and multicollinearity,
verify the linearity of the regression function, and verify the constant variance and nor-
mality of the error terms.

The regression residuals were mapped to more rigorously compare the observed
and expected rates. The residuals were standardized for the New York City and Upstate
models separately so that the variation would be on the same scale for the combined
map. The Moran’s I statistic was calculated to test for spatial autocorrelation between
the regression residuals of neighboring zip codes.

Results

Spatial Filtering Results

The geographic distribution of the prevalence of elevated BLLs is mapped in Figure 1.
The map shows that several urban areas of upstate New York have communities with
a large portion of children with elevated lead levels; the cities of Buffalo, Rochester,
Syracuse, Schenectady, and Albany all had areas in which more than 25% of the chil-
dren tested had elevated BLLs. The city of Newburgh in Orange County also had a
large area in which 20–25% percent of the children tested had elevated BLLs. The high-
prevalence areas are small compared with the size of the counties that contain them, but
the population densities of these areas are higher than those of their surrounding coun-
ties. In no area of New York City did more than 20% of the children have elevated BLLs.
There was one small area of Brooklyn in which 15–20% of the children screened had el-
evated BLLs. The rest of the city had prevalence rates of elevated BLLs that were low
compared with upstate urban areas.

The percent of children screened for lead is mapped in Figure 2. In New York State,
the areas with the highest prevalence of elevated BLLs (>25% of children screened with
BLLs >10 µg/dL) also had the highest screening rates, with more than 80% tested. With
the exception of the city of Schenectady, all of the major upstate cities with areas hav-
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ing a high prevalence of elevated BLLs also had high screening rates. This trend was
also apparent in New York City. More than 80% of the children were screened in the
area of Brooklyn that had the highest prevalence of children with elevated BLLs. In ad-
dition, high screening rates were also observed in areas of the South Bronx and upper
Manhattan.

Regression Analysis Results
Age of housing, race, and education level were the most significant variables in ex-
plaining variation in BLLs (Table 1). The variable, percent of housing built before 1940,
was selected for inclusion in the model because it was a slightly better predictor of BLL
than percent of housing built before 1950. The poverty and education variables were
highly correlated (R=–0.8), so including both in the model would have been problem-
atic. Education was chosen for inclusion in the final model because it explained more
variation. Other demographic variables only explained a small amount of the variation
in BLLs, and were not included in the final model. 

The model assumptions of linearity of the regression function and constant vari-
ance and normality of the error terms were valid. There were no influential observa-
tions, and multicollinearity was small.

The observed prevalence of elevated BLLs in the 740 zip code groups is mapped in
Figure 3, and the prevalence predicted by the model is shown in Figure 4. The maps
show similar patterns.

The regression residuals for the 740 zip code groups are mapped in Figure 5. Areas
where more children have elevated BLLs than the model predicts have positive residu-
als. These areas appear to be clustered in Brooklyn, eastern upstate New York, and east-
ern Long Island. The Moran’s I test statistics show that zip code groups with common
boundaries were positively correlated after adjusting for the education, age of housing,
and race variables used in the regression model (p<0.001). Spatial autocorrelation was
also found to be inversely proportional to the distance between zip code group cen-
troids up to a distance of 40 miles (p<0.001).

Figure 6 shows the association between the percent of children screened and the
percent of children screened with elevated BLLs in the 740 zip code groups. The percent
of children screened increases with the percent of children with elevated BLLs. The re-
sults were similar to those observed with the spatial filtering method (see Figures 1 and
2). In the areas of the state, excluding New York City, with the highest prevalence of el-
evated BLLs, 89% of the children had been screened. This effect was also seen in New
York City. 

Because the independent variable was log-transformed, the meanings of the re-
gression coefficients are more difficult to interpret. Figure 7 contains conditional effect
plots to facilitate interpretation of the results. These plots show the predicted value of
elevated lead levels versus each of variables used in the model while holding the other
variables at their means. The effect of the three major variables (age of housing, educa-
tion, and race) is stronger in the Upstate model than in New York City model.

Discussion

Spatial filtering techniques were used to identify areas of the state with the highest
prevalence of elevated BLLs in children (Figure 1). In addition, we mapped statewide
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screening rates (Figure 2). Screening rates were found to be highest in areas with high
proportions of children with elevated BLLs, indicating that areas with a high risk of
lead exposure were well screened.

Spatial filtering techniques were used to overcome some of the problems typically
seen when mapping disease rates for small areas. Using a spatial filter based on popu-
lation size rather than a fixed geographic size ensures that enough births were selected
at each grid point to calculate a stable rate. One advantage of this method is that we
were able to examine the geographic variation in BLLs throughout New York State,
which has both rural and urban areas. In areas of high population density the process
may capture data from only the nearest zip code. The rate would be stable because the
population of that zip code would be large. In areas of low population density it was
necessary for each grid point to capture data not only from the nearest zip code, but also
from one or more of its neighboring zip codes in order to obtain a stable rate. Because
of the varying geographic size of the filter it is possible to display and analyze the data
for the entire state using a single summary level.

In addition, we were able to display the information as a continuous distribution
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Figure 6 Lead screening and elevated lead rates in children born 1994–1995 and screened
prior to age two. Data based on 740 New York State zip code groups. Separate plots are dis-
played for New York City and the rest of New York State.
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Figure 7 Conditional effect plots for the New York City and Upstate models. Mean values for
percent of homes built before 1940=34%, percent black=12%, and percent high school gradu-
ates=77%.
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rather than one limited to predefined political boundaries. It is illogical to assume that
the distribution of a health outcome changes precisely at the border of a county, census
tract, or some other predefined boundary. Using grid points spaced much more closely
than the unit of analysis ensures that disease rates will be displayed more accurately as
a moving average across political boundaries. The effects of the smoothing are critical
in areas of low population density.

Multiple regression analysis identified age of housing, education, and race as the
community characteristics associated with elevated BLLs. This is consistent with previ-
ous studies examining the socioeconomic characteristics associated with elevated BLLs
(5–7). This analysis was carried out at the zip code area level. The smaller the units of
analysis, the more homogenous the groups will likely be, and the more accurate the es-
timate of effect. However, the disadvantage of using small groups is that the estimates
of disease rates are unstable. As the zip code areas were merged, the resulting correla-
tion coefficient also increased. The increase in the percent-explained variation must be
weighed against loss of information from using more heterogeneous areas.

Figure 3 shows the observed prevalence of elevated BLLs in the 740 zip code areas.
This map shows a similar pattern of elevated BLLs in the upstate cities to that shown in
Figure 1, which was produced using the spatial filtering method. The spatial filtering
method is much faster than the manual merging of zip codes. Using it, one can easily
plot maps based on the capture of different numbers of children and compare the re-
sults. The spatial filtering method can also be used to map individual-level data for
which geocoded data are available.

The lower prevalence of elevated BLLs in New York City than in upstate areas is
surprising considering that New York City is among the oldest and most densely pop-
ulated areas of the state. New York City has a higher percentage of older housing stock
and minority births and a lower percentage of high school graduates than does the rest
of New York State. Based on these characteristics, New York City would be expected to
have one of the highest prevalence rates of elevated BLLs in the state. This was not the
case, however, and none of the variables examined in this analysis could explain the
findings. One possible explanation for this difference is that New York City was one of
the first localities to ban lead-based paint, prohibiting residential use beginning in 1960.
Lead paint was not banned in the rest of the state until the federally imposed ban took
effect in 1978 (26). Further research is needed to determine what factors have con-
tributed to the city’s lower prevalence of elevated BLLs.

Spatial autocorrelation of lead prevalence rates suggests that similarity among
nearby areas was not completely accounted for by the variables in the regression model.
Neighboring zip code groups may be similar because neighborhoods may cross zip
code group boundaries, and because children may visit or use services in nearby areas.
Environmental characteristics, housing characteristics, secondary occupational expo-
sures, and behavioral factors may also be similar in neighboring zip code groups.
Several areas in the state had higher rates of elevated BLLs than we would expect from
our model. Further investigation would help us better characterize the risk factors that
may be associated with these differences.

This study has several advantages over previously published geographic analyses
of lead exposure. These include a larger number of children screened in the study, a
higher screening rate, and the use of direct blood lead measurements rather than indi-
cators such as erythrocyte protoporphyrin. In addition, improved mapping techniques,
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the inclusion of a wide spectrum of population density, and restriction of the data
analysis to children under the age of two allowed a more rigorous analysis of the geo-
graphic distribution of elevated BLLs in children.
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